For several years, the technique of anaesthesia for Caesarean section most commonly used in this hospital has been a sequence similar to that described by Hodges and his colleagues (1959) ; namely, thiopentone and suxamethonium followed by controlled respiration with nitrous oxide and oxygen. Hodges and his co-workers found that this method caused less depression of the infant than when trichloroethylene, ether, or cyclopropane was used for maintenance of anaesthesia. Montgomery (1961) also found that the same technique caused less foetal depression than when anaesthesia was maintained with halothane. Crawford and Kane (1956) and McKechnie and Converse (1955) maintained that single small doses of thiopentone cause no significant foetal depression. Bingham (1957) and Duffield and his colleagues (1958) agree with Crawford that the thiopentone and relaxant sequence is the most satisfactory form of general anaesthesia for Caesarean section, giving a smooth induction which does not interfere with foetal oxygenation.
It is the opinion of many workers that the recently introduced oxybarbiturate methohexitone (1 methyl-5-(l methyl-2 pentynyl)-5 allyl-barbituric acid) has a shorter duration of action than thiopentone. Because of this, it was decided to institute a clinical trial in order to ascertain whether methohexitone, when used to induce anaesthesia for Caesarean section, would cause less depression of the infant than thiopentone.
Although Cilliers and Kok (1961) , in a critical survey of the literature, expressed the view that methohexitone showed no evidence of any practical advantage as regards rapidity of action when compared with thiopentone, Barron and Dundee (1961) stated categorically that all 316 workers are agreed that recovery after methohexitone is more rapid than after equivalent doses of thiopentone. Wyant, Dobkin and Aasheim (1957) , Friedman (1959) , Egbert, Oech and Eckenhoff (1959) , Jolly (1960) , Wyant and Barr (1960) and Taylor and Stoelting (1960) all found that the duration of action of methohexitone was shorter than that of thiopentone, although Heaton (1956) and Redish and colleagues (1958) could find no statistical difference in recovery times between the two agents.
Other features which might affect the suitability of the drug for use in obstetrical anaesthesia are its respiratory depressant effect and its action on the cardiovascular system. Reports on the former have been conflicting. Dobkin and Wyant (1957) and Taylor and Stoelting (1960) found a very high incidence of respiratory depression when using methohexitone, but they administered large doses. Weyl, Unal and Alper (1958) reported this complication in only 2 per cent of cases, while in the series of Cilliers and Kok apnoea was observed in only 1 per cent of cases, although they too used large doses. As regards the cardiovascular effects, Dundee and Moore (1961) and Weyl, Unal and Alper (1958) are agreed that the effects of methohexitone on the cardiovascular system are minimal compared with thiopentone.
It is also of interest that Gibson, Swanson and Doran (1955) believe that methohexitone is broken down in the liver more rapidly than thiopentone, because a large proportion of the blood returning from the placenta via the umbilical vein passes through the liver before reaching the foetal brain. This might result in a more rapid fall in foetal blood levels than would occur with thiopentone.
PRESENT STUDY
One hundred patients subjected to Caesarean section were anaesthetized using thiopentone 250 mg for induction. In a further series of 100 cases, methohexitone 100 mg was used. In all other respects the technique of anaesthesia, which will be discussed later, was identical.
A fixed dose was used rather than one calculated on the basis of the weight of the patient, because most of the cases were "emergencies" and there was no opportunity to weigh them. However, anaesthetists were asked to assess the patients' weight roughly and place them in one of three categories, namely, thin, average, or obese, in order to see whether there was any significant difference in distribution by weight between the two series. It will be seen from table I that they did not differ markedly in this respect. The 100 mg dose of methohexitone was chosen because Dundee and Moore (1961) found from experience that methohexitone is approximately 2.5 times as potent as thiopentone in man, although Stoelting (1957) and Gibson, Swanson and Doran (1955) showed that it is 3 to 4 times as potent in animals.
No attempt was made to select cases, except that some patients were excluded from both series because it was deemed safer to use other forms of anaesthesia. In most cases this was because of certain maternal complications, such as severe eclampsia or ruptured uterus. Other cases were rejected because insufficient data had been recorded, or because the amount of the barbiturate administered was other than that decided upon. This occurred in a few instances when, for various reasons, it was considered advisable to administer a smaller dose or because inadequacy of the initial induction dose necessitated the administration of further quantities of the drug.
The patients in both series were either African or Indian and their distribution according to age and race can be seen in tables II and HI. Owing to the social status of the population group served by this hospital, the vast majority of cases were emergencies. Even patients who had previously had Caesarean sections were usually well advanced in labour before admission. Elective sections were very few and far between. The indications for operation are shown in table IV. In this respect both series were again found to be very similar. In most cases more than one indication was present. It will be seen that the commonest indication was cephalo-pelvic disproportion, usually due to contracted pelvis. Pre-existing foetal distress was inferred from the presence of meconium in the liquor (except in the cases of breech presentation) and a foetal heart rate which was less than 100 per minute or showed marked irregularity. Walker (1959) , however, believes that the behaviour of the foetal heart is of doubtful value in assessing the condition of the foetus in utero and that meconium staining of the liquor amnii is the one definite sign of foetal distress. In actual fact, the excellent condition on delivery of some infants reputed to be distressed according to these criteria and, conversely, the poor condition of some infants where foetal distress was not suspected pre-operatively, would seem to show that there is no sure way of diagnosing foetal distress in utero in the individual case. None the less the overall validity of these criteria was borne out by the significantly lower mean Apgar scores found in those infants diagnosed as being distressed prior to operation.
Method.
A stomach tube was passed on all patients while still in the ward regardless of whether they had eaten recently or not. The premedication in all cases was atropine 0.6 mg or 1.2 mg only, although in a few cases pethidine or other sedative drugs had been given in the labour theatre before Caesarean section was decided upon.
Anaesthesia was induced with the patient on the table, usually before cleaning and draping, etc., and no effort was made to hurry delivery, as the work of McKechnie and Converse (1955) has shown that the placenta offers no barrier to the passage of thiopentone. They demonstrated that the drug appears in the foetal blood witnin 45 seconds and that foetal and maternal blood levels reach equilibrium within 3 minutes. In addition, Crawford and Kane (1956) have demonstrated that the foetal blood levels fall exponentially with increase in the lapse of time before deb'very. It was assumed that, owing to the similarity in molecular structure of the two drugs, methohexitone would behave in the same way with respect to the placental barrier. Flowers (1959) showed that several other barbiturates besides thiopentone cross the placenta rapidly and that their concentrations in the foetal and maternal circulations begin to approach equilibrium within 3 minutes, although in the case of buthalitone sodium, Kane and Stephens (1959) have demonstrated that the placenta may act as a partial barrier to the passage of this drug.
Immediately after consciousness was lost, following administration of the barbiturate, a mixture of suxamethonium chloride 100 mg and decamethonium iodide 5 mg was given intravenously and a cuffed endotracheal tube was inserted. Until the infant was delivered, respiration was controlled using a Magill attachment and a mixture of gases containing nitrous oxide and at least 30 per cent of oxygen, at flow rates of 7 to 10 l./min. Carbon dioxide absorption was deliberately not employed, in order to lessen the possibility of hypocarbia due to over-ventilation, as it was considered that a low blood Pco, might conceivably delay the onset of spontaneous respiration by the infant. James and associates (1958) have observed that some degree of asphyxia, usually of brief duration, occurs as a result of the delivery process and is a normal finding in all births. It is their opinion that the high blood PcOj shown by most vigorous neonates probably plays a major role in the initiation of respiration.
It is the authors' usual practice to employ suxamethonium only, repeating it as necessary to keep the patient apnoeic until after delivery of the infant. Hodges and his colleagues (1959) state that, on clinical grounds, it would seem that suxamethonium has no deleterious effects on the infant and the work of Thesleff (1952) , Stead (1955) , Kolstad and Schye (1957) and Dance and Ward (1958) seems to confirm this. In this study, however, decamethonium was used as well because its longer action obviated the necessity for repeated doses of suxamethonium, thus ensuring that all cases received the same dosage of relaxant drugs and were strictly comparable in this respect. Decamethonium was chosen because it is also a depolarizing agent and so could be given together with the suxamethonium without danger of causing a mixed block. In addition, Young (1949) has shown that the placenta is a very effective barrier to the passage of decamethonium from the maternal to the foetal circulation. In one mother prolonged muscular weakness and a tracheal tug which lasted for 40 minutes was observed. This may have been due to a dual block caused by the relaxant drugs used.
The condition of the infant after birth was assessed after 60 seconds, using the system of Apgar (1953) as recommended by Montgomery (1961) . Points were allotted according to heart rate, respiratory effort, reflex irritability, muscle tone and colour. Scoring was done by the anaesthetist and, as several individuals were involved, scores may not be strictly comparable in all cases, although most of the criteria except that of colour are fairly well defined. The latter was found difficult to assess by some of us because of the pigmentation of the infants. Apgar herself mentions that they found it the most difficult sign to evaluate, especially in coloured children.
The maternal blood pressure was recorded before induction and at intervals of 5 minutes during the first 15 minutes following induction. The times of induction, delivery of the infant, first cry and onset of satisfactory spontaneous respiration by the infant were also recorded. It was also noted whether the infant required resuscitation or not. This was performed when necessary by the administration of oxygen under intermittent positive pressure, following aspiration of liquor and secretions from the pharynx and trachea. Either the mask resuscitator as described by Jackson and colleagues (1959) or an endotracheal tube was used. With the latter a water manometer was used, which limited the applied positive pressure to 30 cm H,O.
RESULTS
One hundred and three infants were studied in the methohexitone series and 101 infants in the thiopentone series. There were 200 Caesarean sections in all but four pairs of twins account for this discrepancy in numbers.
The mean intervals between induction of anaesthesia and delivery of the infant in the two series were as follows:
Methohexitone series-9.79 minutes (S.D. 3.56). Thiopentone series-11.2 minutes (S.D. 4.25). The distribution of the Apgar scores obtained by the infants in each series can be seen in figures 1 and 2. As the number of infants diagnosed as having foetal distress pre-operatively was not the same in both series, it was decided to group each series according to whether preoperative foetal, distress was present or not. Each such group was then compared with the corresponding one in the other series. The distribution of the Apgar scores for these groups can be seen in figures 3, 4, 5 and 6.
The mean Apgar scores of the infants in each series as a whole, and again in each group, were compared with the corresponding figures for the opposite series. The results can be seen in table V. In spite of the fact that in each instance the figures for the methohexitone series were somewhat better than those for the thiopentone series, a statistical analysis showed that the difference was not significant.
The two series and the groups mentioned above were also compared using the chi-square test. For this purpose, the infants in each group were allocated to one of three subgroups according to their condition following delivery (table VI). The grouping was done by the method recommended by Apgar (1953) , namely: A-Infants with scores of 8, 9, 10. B-Infants with scores of 3, 4, 5, 6, 7. C-Infants with scores of 0, 1, 2. She considered infants in group A to be in good condition, those in group B to be in fair condition and those in group C to be in poor condition. This was borne out by the fact that in her series of cases, the neonatal mortality was 0.13 per cent in the first group, 2 per cent in the second and 14 per cent in the third. The results of this comparison can be seen in table VII. Again, although the distribution was more favourable in the methohexitone series, the application of the chi-square test showed that the difference was not statistically significant.
The intervals between delivery and first cry and between delivery and the onset of satisfactory spontaneous respiration were also analyzed and compared. The results can be seen in tables VIII and IX. Again there was no statistically significant difference.
The stillbirths and neonatal deaths which occurred are shown in table X. It is unlikely that any of these were attributable to the anaesthetic technique used. There were no maternal deaths in either series.
In the methohexitone series, 39 infants (37.9 per cent) required resuscitation, as compared with 37 infants (36.6 per cent) in the thiopentone series.
The maternal blood pressure recordings are probably of little value in assessing the effects of the two drugs on the cardiovascular system as other factors, such as relaxant drugs used and the use of intermittent positive pressure ventilation, might also have influenced the blood pressure levels. A rise in blood pressure of more than 20 mm Hg during the first 15 minutes following induction was observed in 32 per cent of cases in the methohexitone series, and 29 per cent of cases in the thiopentone series. A fall in blood pressure of similar degree was observed in 19 per cent of cases in the methohexitone series and 21 per cent of cases in the thiopentone series.
Unfortunately, anaesthetists were not specifically asked to record the occurrence of any excitatory phenomena, for example convulsive muscular movements, following administration of the barbiturates. Several of us, however, reported the occurrence of such phenomena. They were recorded as having occurred in 8 per cent of cases where methohexitone was used and in 7 per cent of cases where thiopentone was used. The actual incidence was probably higher.
These findings would appear to conflict with those of Moore and Dundee (1961) who found that tremor and involuntary movements occurred frequently in patients anaesthetized with methohexitone who had only received atropine as premedication, but did not occur when thiopentone was used.
DISCUSSION
The results in this trial showed that the condition of infants delivered by Caesarean section was on the whole better when methohexitone was used to induce anaesthesia than when thiopentone was employed. However, the difference was not statistically significant. Nevertheless it must be emphasized that both drugs were used in minimal doses. It is possible that, if larger doses had been employed, a significant difference might have been observed. This study does show, however, that when used in the way described here, both drugs produced good results. This confirms that the method of using a small induction dose of barbiturate, followed by a depolarizing muscle relaxant and controlled ventilation of the lungs with nitrous oxide and oxygen, is one of the best forms of general anaesthesia for Caesarean section.
The scores obtained in the present series are superior to those reported by Apgar (1953) and Apgar and her colleagues (1957) using cyclopropane and Montgomery (1961) using halothane. They are also better than those recorded by Montgomery using a similar method to the one described here. In the absence of sufficient data it is impossible to say why this should be so. It has already been stated that the majority of these patients were well advanced in labour before being operated on and this may account for the better results that were obtained. Apgar (1953) noted that, in cases when there was a trial of labour before Caesarean section, the scores obtained by the infants were somewhat better than when Caesarean section was performed on patients who were not in labour. However, this is speculation. It is also of interest that the scores obtained in this series were not very much inferior to those obtained by Apgar (1953) and Apgar and her colleagues (1957) using regional anaesthesia. Jejunal atresia and prematurity. Died after operation. Stillbirth.
Intrapartum asphyxia due to prolonged labour and disproportion; foetal heart rate only 40 per minute on induction of anaesthesia. Stillbirth.
Intrapartum asphyxia due to prolapsed cord.
Neonatal death. Pulmonary syndrome of newborn. Stillbirth. Intrapartum asphyxia due to disproportion and prolonged labour. Stillbirth.
Intrapartum asphyxia due to transverse lie with prolapsed arm.
SUMMARY
An analysis has been made of the condition of infants after delivery, when equipotent doses of methohexitone and thiopentone were used to induce anaesthesia for Caesarean section. The method of anaesthesia was in all other respects identical.
The results indicated that there was less foetal depression following methohexitone than when thiopentone was used. The difference was not, however, statistically significant. Nevertheless it should be noted that in this series minimal doses of barbiturate were used. It is possible that if larger doses had been employed, a significant difference might have been observed.
The results in both series were most satisfactory and confirm that the utilization of a small induction dose of barbiturate, followed by a relaxant and controlled respiration with nitrous oxide and oxygen, causes less foetal depression than other forms of general anaesthesia.
